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Mie-scattering theory combination containing the acquired phosphor and the indium gallium 
SrSizyO2N2:Eu**, Yb** nitride (InGaN) blue LED chip with 450-nm wavelength was used. With 
WLEDs only two steps, we could detect the hue balance management. Firstly, by 


modifying the Eu?’ and Yb** concentrations, we can conduct a green-to- 
orange proportion optimization. Following that, the commission on 
illumination (CIE) coordinates were transformed to [0.4071; 0.3789] from 
the original position, which was [0.2805; 0.2014] by enhancing the phosphor 
powder amount. An environment which has a CRI of around 89 is the 
optimum condition for conducting white light. 
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1. INTRODUCTION 

On account of their many benefits over incandescent lights in being efficient and ecologically 
friendly while providing notable dependability, portable size, extended life span, etc, InGaN-based white- 
light-emitting diodes (WLEDs) have been considered to be an alter for next-generation lighting. The 
integration among InGaN blue LED chip as well as YAG:Ce** is the most conventional way to generate 
white light [1]-[3]. Still this method still lies a disadvantage in application due to the hue imbalance on the 
genuine color rendering index (CRI) when there is a lack of red in the components. Therefore, an light- 
emitting diodes (LED) with a multi-based phosphor was utilized to improve the red LED. As compared to the 
YAG:Ce** blue LED chip method, the multiple-phosphor approach has numerous benefits, such as adequate 
color rendering (Ra), high efficiency, and luminosity [4]-[6]. Phosphors have varying thermal quenching 
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temperatures, creating aberrations in color rendering along with raising manufacturing costs for 
reality applications. As a result of re-absorption, multi-phosphor-based LEDs lose luminous efficiency due to 
the varied phases of phosphors. Full-color emitting mono phosphor centered in oxide and silicate compounds 
has been applied to produce steady color rendering. Recently, downconversion nitridosilicate and 
oxynitridosilicate based have shown remarkable thermal stability and great luminous efficacy. It was reported 
that both the positive learning environments (PLE) characteristics and configuration of the Eu?* and Yb?* 
doped SrSiO2N2 has wide emission band from green to orange with the peak half maximum 170 nm [7]-[9]. 
Additionally, external quantum efficacy is about 16% when the excitation is below 450 nm. Yb”* ions can 
carry energy from to the Eu** ions. We describe the design and PLE characteristics of a duo-color emitting 
SrSi202N2-xEu**,yYb**. To generate warm white light with high color rendering index (CRI) and stable CIE 
across a broad range of forward-bias current, the above phosphor was utilized as a single light converter in 
conjunction with blue-emitting LED chip. 


2. EXPERIMENTAL DETAILS 

SrYb was synthesized using a combination of Si3N4, SrCO3, Eu2O3 and Yb2O3. We acquired all of 
our components from Aldrich Company and utilized them without any additional processing. It was 
combined well in an agate mortar with ethanol and dried for 2 hours in a 120 °C oven. Alumina-crucible- 
packaged powder combinations were burned at 1400 °C for 8 hours in a horizontal tube furnace made also of 
the same material as the crucible using N2/H2 (5%) gas. Sr’* ion concentration was maintained at 2%, 
whereas Yb?* concentration was changed from 0% to 8%. After fired, a slightly compacted sample was 
obtained, which was then ground into a powder form. To create white light, phosphor powder was used. For 
2 hours at 120 °C, the phosphor powder was combined with silicon resin (EG6301A and EG6301A from the 
Dow Chemical Company), then placed on top of an the indium gallium nitride (InGaN) blue-emitting chip. 
X-ray diffractometer (Cu K (=1.542 A) at RT was used to determine phase compositions. 
A scanning microscope was used to examine the powder's microstructure (S-5000, Hitachi Ltd., Tokyo, 
Japan). An F-700 Fluorescent Spectrophotometer from Hitachi Ltd. in Tokyo, Japan, was used to record the 
PLE spectra at room temperature using a 150 W Xe lamp. Streak camera C4334 observed decay time 
(Hamamashu, Japan). Using the integrated sphere technique, the quantum efficiency was measured. When it 
comes to thermal quenching, PTE-VUVD2L-100 was used to test it. Two-exponential decay curve (1) is a 
good approximation of the luminescence decay curves [10]-[12]. 


t 


t 
l=I,+Aye %+A,e % (1) 


For example, I is the illuminating strength and t is the period. Both A; and A2 are constant factor. The 
lifespans for exponential compositions are accordingly t and t2. On the basis of the estimated values for all 
of the above factors, as shown in (2) may be used to compute the average decay time (t*) [13]-[15]. 


T* = (AT? + A2t3)/(Ayt, + Ate) (2) 


3. RESULTS AND ANALYSIS 

Figure 1 shows that SrYb (green) and YAG:Ce** (yellow) As a result of this modification, the 
average correlated color temperature (CCT) values will be preserved, however, the white-light-emitting 
diodes (WLEDs) absorption and scattering of two layers will be affected, and concentrations decrease 
reversely [16]-[18]. This would alter the hue output as well as light flux performance for WLEDs. 
Consequently, the WLEDs hue standard is determined by the concentration of SrSizxO.N2:Eu?*,Yb?*. For 
example, when YAG:Ce* concentration increased from 2 to 30% Wt., the SrYb concentration decreased to 
keep the mean CCTs. Similarly, WLEDs with a hue heat range of 5,600 K to 8,500 K provide the same effect. 

We can see from Figure 2 that SrYb concentration has a direct influence on the transmittance 
spectrum of WLEDs. Decisions can be made based on the manufacturer’s needs. High hue quality WLEDs 
could cause descending light flux quality. As seen in Figure 2, white-light emission is a synthesis of the 
spectral range. The figure shows emission data at 3,000 K. SrYb concentration rises the intensity of 
two spectrum scopes, 420-480 nm as well as 500-640 nm. Due to an intensity growth in the two-band 
emission spectrum, the output luminance has increased. Blue-light scattering WLEDs have a greater ability to 
disperse blue light. This means that WLEDs have better color consistency. This is an essential outcome from 
applying SrSizO.N>2:Eu**,Yb”*. Especially challenging is the color consistency of a distant structure at high 
temperatures. Researchers found that SrSiz02N2, including low (5,600 K) and high (8,500 K) hue heats, may 
improve the WLEDs' color quality [19]-[21]. 
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The efficiency of the light flux emitted by this phosphor layer has been demonstrated in the article. 
Outcomes shown in Figure 3 indicate that the light flux radiated by SrYb rose considerably 2-20% wt. 
Figure 4 indicates the hue dispersion in the three mean CCTs was considerably reduced when the SrYb 
concentration was higher. Red phosphor layer absorption may be to blame. They collect the blue illumination 
in the LED chip and turn it to green illumination. Aside from the blue illumination in the LED chip, the SrYb 
particles absorb yellow, and the blue illumination created by the LED chip. On the other hand, according to 
the material's absorptivity characteristics, the blue illumination absorptivity is larger compared to the others. 
When SrYb is added to WLEDs, the green content increases and the color uniformity index improves. The 
color uniformity of contemporary WLEDs is one of the most important characteristics. Naturally, WLED 
white light cost can be high and related to the hue homogeneous [22]-[24]. However, SrYb has the benefit of 
being inexpensive. As a result, SrYb is extensively applicable. 
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Figure 1. Retaining the mean CCT via altering phosphor content 
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Figure 2. The emitting bands of color of 3,000 K WLEDs as a function of SrYb concentration 
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Figure 3. The WLEDs luminous flux as a function of SrYb concentration 
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Figure 4. Correlation between WLEDs chroma deviation and SrYb content 


In the evaluation of WLED color quality, color uniformity is just one factor. It's impossible to say 
that color quality is good when the color homogeneity index is high. A recent study has developed the CRI 
and the colour quality scale (CQS) as a result of this research. Light lits color rendering index and it 
determines the real color of a subject's hue and saturation. The overwhelming quantity of green light leads 
to an unbalanced color scheme between the primary colors: blue, yellow and green. As a result, WLEDs' 
color fidelity is degraded. There is a small drop in CRI when the distant phosphor SrYb layer is presented, as 
seen in Figure 5. In spite of the fact that they are acceptable, CQS only has a problem when it comes to CRI. 
It's clear that when comparing the importance of the CQS to the CRI, the CQS comes out on top. Colour 
Quality Scale is a three-factor indices that takes into account the hue rendering index, viewer choice, and hue 
coordinate. On the basis of these three variables, CQS is virtually an accurate measure of color quality [25]- 
[27]. A layer of SrYb can enhance CQS. When SrYb concentration is raised, CQS does not change 
substantially at concentrations below 10% wt, see Figure 6. Not only does CQS decrease but also CRI is 
lowered when the SrYb concentration is more than 10% wt. because of the extreme color loss when green 
dominates. SrYb Phosphorus must thus be applied at the correct concentration. 
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Figure 5. Correlation between WLEDs chroma rendering index and SrYb content 
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Figure 6. Correlation between hue standard scale in WLED device as a function of SrYb concentration 
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4. CONCLUSION 

SrYb phosphor oxynitridosilicate has been created for the first time to be utilized in a warm white 
LED. For Eu** ions, the phosphor produced by using SrYb has broad band emission centering at around 540 
to 612 nm. There is a correlation between the relative concentrations of activator ions in green and orange 
phosphors. That Eu* ion's decay period was so short, it proved that energy was being transferred from it's 
source to the Yb** trapping sites. InGaN emitting white LED with SrYb phosphor emits warm white light, 
has a high hue rendering index and outstanding hue steadiness against supply energy, according to a newly- 
fabricated white LED. 
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